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Brettanomyces/ Dekkera yeasts grow in wine mainly during barrel aging. Their presence is often associated
with formation of off-flavors. This potential spoilage generates a strong demand for a sensitive, rapid, and
reliable identification procedure. Ribosomal DNA restriction fragment length polymorphism and comparative
sequence analysis of the two internal transcribed spacer (ITS) regions located between the ribosomal RNA
genes was carried out using Brettanomyces/ Dekkera yeast reference strains and wine isolates. ITS1 and ITS2
were found to contain distinct regions with sufficient sequence divergence to make them suitable as specific
identification target sites. Specific oligonucleotides were designed for each Brettanomyces/Dekkera species
and evaluated for specificity and reliability. No cross-reaction products were detected when the specific primers
were assayed in a PCR reaction with Brettanomyces/ Dekkera strains of different species or other wine-related
non-Brettanomyces/ Dekkera yeasts. Thus, PCR using a combination of all four specific primers gave a specific
and reproducible detection assay for the genus Brettanomyces/ Dekkera. Use of these specific primers allowed
for species-specific discrimination. Brettanomyces/Dekkera yeast isolates from wine were shown to uniquely

belong to the species B. bruxellensis.
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Brettanomyces/Dekkera yeasts are reported to beinvolved in
spoilage by off-flavor production in beer and wine [1,
10,11,13,22,32]. In wine, these yeasts typically grow inlow cell
numbers after completion of the alcoholic and malolactic fer-
mentation during the aging of winein barrels, tanks, and bottles.
The aroma characteristics of their spoilage-causing metabolites
were described as burnt plastic, smoky, barnyard, horse sweat,
leather, wet wool, and mousy [7,10,14,17,18,20,23]. Because
of the high spoilage potential by Brettanomyces/Dekkera, there
isademand for afast and reproducible monitoring method. The
earlier their detection in wine, the better the chances for
winemakersto prevent further growth and spread of these yeast
to other batches. Physiological tests have been shown to fail not
only because of the extensive time required for identification
but also because they often generate ambiguous or even incor-
rect results [26].

Brettanomyces, the anamorph form of the genus Dekkera, in-
cludes five species. B. nanus was added to the four recognized
species B. bruxellensis, B. anomalus, B. custersianus, and B.
naardenensis following the renaming of Eeniella nana on the
basisof rDNA sequence homology [1,6,19,35]. Molecular stud-
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ies of species within this genus were initiated based on the mi-
tochondrial genome [19] and the rRNA genes [27]. Molina et
al. [27] carried out restriction analysis of the 18S rRNA from
various Brettanomyces yeasts and found good correlation with
isoenzyme electrophoresis and DNA homology analysis. Fur-
ther investigation of the ribosomal RNA genes on the partia
seguence level of the 18S and 26S rRNA was done by Y amada
et a. [34] and Cai et a. [9], who determined the sequence of
various Brettanomyces and Dekkera yeast strains by PCR and
direct sequencing. Whereas these studies used molecular tech-
nigues to determine the phylogenetic relationship among these
Brettanomycesyeast strains, other studies have applied molecular
techniques for identification purposes. Ibeas et al. (20] used
nested PCR to track one single strain in sherry wine. Mitrakul et
al. [26] used RAPD-PCR to discriminate yeasts within the spe-
cies B. bruxellensis[26]. Although strain discrimination worked
well by RAPD-PCR in the latter study, results can be difficult
to reproduce with the RAPD-PCR method. In addition, RAPD
data often cannot be interpreted in terms of relatedness among
strains, and no sequence data from RAPDs of Brettanomyces
spp. is available in databases. Alternatively, ribosomal genes
have been used extensively to give information about the phy-
logenetic relationship of taxa. Asin many eukaryotes, riboso-
mal genesin yeast are organized as 185-5.8S-26S operons, which
aretandemly repeated 50 to 200 times per haploid genome [30].
The two internal transcribed spacers (ITS1 and I TS2) separate
the conserved 18S and the 26S from the 5.8S rRNA gene. ITS
regions are less conserved due to less evolutionary constraints
[28], and therefore can be used to discriminate species within
some genera.
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Our goal in this study was to develop a specific and repro-
ducible identification method for the four yeast species, B.
bruxellensis, B. anomalus, B. custersianus, and B. naardenensis,
to provide an essential tool for the study of their role in
winemaking. We focused on the ITS regions of 19
Brettanomyces strains from the four species by initially com-
paring their lengths and patterns based on rDNA restriction frag-
ment length polymorphism (RFLP) after digestion with 16 en-
donucleases. Thesequencesof ITS1and ITS2, including the5.8S
rRNA gene, were subsequently determined and compared. Oli-
gonucleotides were designed for each species based on the poly-
morphic portions of the amplified fragments and found to be
useful for identifying Brettanomyces strains to each of the four
species. Control experiments did not show any cross-reaction
with other yeasts often present in wine, making this method use-
ful for identification of Brettanomyces species among wineiso-
lates.

Material and Methods

Y east strains. Brettanomycesyeast type strainsfrom the four
species B. bruxellensis, B. anomalus, B. custersianus, and B.
naardenensis were used in this study (Table 1). The
Brettanomyces type strain selection reflects the situation in the
type culture collections with the most strains deposited for B.
bruxellensisand theleast for B. custersianusand B. naardenensis
[1]. In addition to Brettanomyces yeast strains, other yeast spe-
cies commonly occurring in wine were included in the experi-
ments (Table 1).

PCR amplification and ITSRFLP. Cell lysates were gen-
erated as described by Schiitz and Gafner [31]. An estimate of
the DNA concentration was conducted using the spectrophoto-
metric method described by Maniatiset al. [25]. Thelysateswere
diluted to 10 ng/pl and stored at -20°C. DNA concentration in
the reactions was 1 ng/pl and the conditions were 1xTag Poly-
merase buffer (Promega, Madison, WI), 1.5 mM MgCl,, 200
UM dNTPs, and 1 uM of each primer. The following were the
reaction parameters on the Robocycler 40 (Stratagene, La Jolla,
CA): 1 cycle, 94°C for 1 min; 30 cycles, 94°C for 1 min, 50 to
65°C (depending on the primer) for 2 min, 72°C for 1 min; and
1 cycle, 72°Cfor 5 min. The oligonucleotides pI TS1 and pI TS4
[33] were used to amplify theinternal transcribed spacer regions,
including the 5.8S gene of the rDNA repeats. The primers de-
rived from the sequences (Figure 1) were pB1 (5-GTGGA
TAAGCAAGGATAAAAATAC-3') and pB2 (5-AGAGTG
AGGGGATAATGATTTAAGG-3') specificfor B. bruxellensis,
pAl: TATAGGGAGAAATCCATATAAAAC for B. anomalus,
pCl (5-CATTAGCATACAAACACAAC AAACC-3) for B.
custersianus, and pN1 (5 -CGTTTCATTTTTGTGACGTCCC-
3') for B. naardenensis.

Separation of the PCR fragmentswas performed on a 3% (w/
v) NuSieve® agarose 3:1 gel (FMC, Philadelphia, PA), using
IXTAE buffer (40 mM Tris acetate, 1 mM EDTA, pH 8) con-
taining 200 ng/mL ethidium bromide. A 100-bp ladder (Promega,
Madison, WI) was run alongside the samples as a molecular
weight marker. DNA was visualized by UV transillumination
and processed using the Gel Doc 1000 Video Gel Documenta-
tion System (Bio-Rad, Hercules, CA). PCR products were puri-

Table 1 Yeast strains used in this study. (FAW, Forschungsanstalt fur
Obst-, Wein- und Gartenbau, Wadenswil, Switzerland; CBS,
Centraalbureau voor Schimmelcultures, Delft, The Netherlands; UCD,
University of California, Davis, USA; CA, Cornell University, NYSAES,

Geneva, NY.)
Strain or Strain
species name Synonym number
Saccharomyces cerevisiae FAW HK 8
Cryptococcus curvatus FAW 1
Rhodotorula glutinis FAW 9
Torulaspora delbrueckii FAW 6
Hanseniaspora uvarum FAW HS 94
Candida guillermondii FAW2
Pichia kluyveri FAW 6
Pichia anomala FAW 10
Dekkera bruxellensis CBS72°
Brettanomyces abstinens ~ CBS 6055°
Dekkera bruxellensis CBS 740
Dekkera bruxellensis FAW 132
Brettanomyces custersii CBS5512°

Brettanomyces intermedius CBS 73°

Dekkera intermedia CBS 4914
Dekkera intermedia UCD 6052
Brettanomyces lambicus CBS75°
Brettanomyces sp. UCD 615°
Brettanomyces sp. CA 892
Brettanomyces sp. CA 922
Brettanomyces sp. CA 942
Brettanomyces sp. CA 952
Dekkera anomala CBS 8139°
Dekkera claussenii CBS 76
Brettanomyces anomalus ~ CBS77°
Dekkera naardenensis CBS 6042°
Dekkera custersiana CBS 4805

aWine isolates, identified as Dekkera bruxellensis in this study.
Brettanomyces/Dekkera yeast strains from wine samples were isolated
by wine-filtration and yeast plating on Brettanomyces/Dekkera selective
medium (36). The medium was modified by decreasing the cyclohexim-
ide concentration from 50 to 10 mg/L for the purpose of being less se-
lective for less resistant strains.

bType strains.

fied with the QiaQuick PCR Purification kit (Qiagen,
Chatsworth, CA) and subsequently digested with the 16 endo-
nucleases: Alu |, Bfa I, BstN I, BstU I, Cfo I, Dde I, Hae 11l
Hinf I, Hpa Il, Hsp92 II, Mbo |, Rsa |, Sau3A |, ScrF |, Taq |,
and Tru9 |. For the purpose of simplified presentation, a matrix
of Jaccard similarity coefficients was computed using Genstat
(Genstat 5 Release 3.2; NAG Inc., Downers Grove, IL). Clus-
ters were derived from the similarity matrix using the average-
linkage hierarchical method. Compari son with sequence datawas
performed manually from the printout.

Sequencing and alignment of sequence data. DNA se-
guencing was performed using the ABI Prism 373A Stretch au-
tomated DNA sequencer (Applied Biosystems, Foster City, CA),
which uses cycle sequencing, dye terminator chemistry, and
AmpliTag-FSDNA polymerase. Editing and comparison of both
DNA strands were carried out in the program Seqed v 1.0.3 by
PE Applied Biosystems. DNA alignment based on the sequence
as shown in Figure 1 was performed by the program
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CBS 72  AGTTTGACCT CRAA  (395) Figure 1 Comparison of the sequence of the ITS regions including the 5.8S rDNA and
ggg; partial sequences of 18S and 26S rDNA from Brettanomyces/Dekkera strains. Sequences
(395) were aligned using the program MEGALIGN from the DNASTAR software package. The
(392) sequence of B. bruxellensis CBS 72 was used as reference. Dots indicate identical nucle-
(ggg) otides as in the reference sequence; dashes indicate deletions. The 5.8S rDNA stretches
E392; from position 172 to 330, 18S rDNA ends at position 4, and 26S rDNA starts at position
(392) 504. Numbers in parentheses indicate nucleotide positions in alignment and fragment
(392) lengths. Primer binding sites are underlined; pB1 (from position 74 to 117) and pB2 (from
Ejgg; position 398 to 441) in the line CBS 72, pAl (from position 97 to 130) in the line CBS 76,
(378) pC1 (from position 103 to 142) in the line CBS 4805, and pN1 (from position 101 to 122)
(487) in the line CBS 6042.
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MEGALIGN from the DNASTAR package (www.DNASTAR.
com) and formatted with the fseq utility [4].

Nucleotide sequence accession numbers. The 5.8S rRNA
gene sequences, including partial sequencesfromITS1and ITS2,
which were determined from the various Brettanomyces yeast
strains, have been deposited in the National Center for Biotech-
nology Information (NCBI) GenBank datalibrary under the ac-
cession numbers AF043499 to AF043512.

Results

Polymor phism within thel TSelementsof ther RNA genes.
A region spanning theinternal transcribed spacersI TS1and ITS2
and including the 5.8S rDNA was amplified from the selected
Brettanomyces and non-Brettanomyces yeasts (Table 1) using
the primers pI TS1 and pl TS4 ]133]. Size of the generated frag-
ments was between 450 and 550 bp for all Brettanomyces yeast
strains (Figure 2A), whereas size of the seven common wine
yeasts Saccharomyces cerevisiae, Cryptococcus curvatus,
Rhodotorula glutinis, Torulaspora delbrueckii, Hanseniaspora
uvarum, Candida guillermondii, and Pichia anomala varied
between 600 and 900 bp (Figure 2B; lanes 1-6, 8). An excep-
tion was the fragment of Pichia kluyveri, which wasin the same
sizerange asthose of thetested Brettanomycesyeasts. Sizeswere
the same for each of the seven B. bruxellensis strains and the
three B. anomalus strains, but differed among the four species
(Figure 2A, lanes 1-12). B. custersianusyielded afragment size
close to 500 bp, as did B. bruxellensis. The fragment length of
B. naardenensiswas approximately 100 bp larger and resembled
B. anomalus. Fragments from all Brettanomyces yeast strains
isolated from wines originating from different regions world-
widewere similar in size compared to the species D. bruxellensis
and D. custersiana.

In order to further investigate the polymorphic value of these
fragments and to specify unequivocally the species of the

M12345¢67 8 910111213141516171819
bp bp
1500 -
1500—

200 200-

Figure 2 Size differences of the ITS regions including the 5.8S DNA of Brettanomyces yeasts.
PCR was performed with primers pITS1 and pITS4. Fragments were separated by electrophore-
sis on a 3% NuSieve agarose 3:1 gel in 1 X TAE buffer. (A) Brettanomyces/Dekkera yeasts (by
lane number): 1, CBS 72 (Dekkera bruxellensis); 2: CBS 73 (Brettanomyces intermedius); 3, CBS
74 (Dekkera bruxellensis); 4, CBS 75 (Brettanomyces lambicus); 5, CBS 4914 (Dekkera intermedia);
6, CBS 5512 (Brettanomyces custersii); 7, CBS 6055 (Brettanomyces abstinens); 8, CBS 76
(Dekkera claussenii); 9, CBS 77 (Brettanomyces anomalus); 10, CBS 8139 (Dekkera anomala);
11, CBS 4805 (Dekkera custersiana); 12, CBS 6042 (Dekkera naardenensis); and 13 to 19,
Brettanomyces/ Dekkera isolates from wines, referred to as FAW 13, UCD 605, UCD 615, CA 89,
CA 92, CA 94, and CA 95. (B) Other wine yeast isolates (by lane number): 1, Saccharomyces
cerevisiae; 2, Cryptococcus curvatus; 3, Rhodotorula glutinis; 4, Torulaspora delbrueckir; 5,
Hanseniaspora uvarum; 6, Candida guillermondii; 7, Pichia kluyvert, 8, Pichia anomala; 9, Dekkera
bruxellensis. Lane M in both A and B, 100-bp ladder molecular weight marker (Promega).

M123456789

Brettanomyces wineisolates, RFL P was conducted based on the
ITS elements including the 5.8S rDNA gene. Fragments from
B. bruxellensis strains were digested with 16 different restric-
tion enzymes. The nine enzymes Alu |, Taq I, Tru9 I, BstN 1,
ScrF 1, Ddel, Hinf 1, Hp92 11, and Sau3A | were noninformative,
yielding identical patternsfor all strains. The seven enzymes Cfo
I, Bfal, Mbo I, Hpall, Hae lll, Rsa |, and BstU | provided dis-
tinctive restriction profiles. These enzymes were then screened
across the whol e selection of Brettanomycesyeasts. Therestric-
tion digest using Cfo | isshown in Figure 3A. Polymorphic varia-
tion allowed for classing strains within one of the four species
(Figure 3B). Whereas differentiation of four out of the seven
different CBS B. bruxellensisstrainswas possible, thethree tested
B. anomalus strains shared the same unique pattern and there-
fore could not be discriminated (Figure 3A). The fragmentswere
sequenced by direct PCR sequencing and aligned (Figure 1).
With the exception of afew nucleotide positions, the 5.8SrRNA
genes were identical for all tested yeast strains. ITS regions,
however, were polymorphic among the four different species.
Among strainswithin aspecies, thetwo B. anomalusstrainsCBS
76 and CBS 77 were identical at all 452 nucleotides. Theten B.
bruxellensis strains differed by less than six of the 392 and 395
bp (Figure 1). Five of 19 strains—thetwo B. bruxellensis strains
CBS 5512 and CBS 6055, the B. anomala strain CBS 8139, and
the Brettanomyces yeast isolates FAW 13 and CA 95 from
wine—could not be sequenced directly, which will be discussed.

Specific primers for species-specific discrimination of
Brettanomycesyeasts. Specific primerswere designed for each
of the four Brettanomyces species based on the sequence data
and tested by PCR using pl TS 4 asreverse primer. The four spe-
cific primers, pB1, pA1, pC1, and pN1, were tested with all the
Brettanomycestype strainsand wineisolates. PCR productswere
only generated with the strains from the corresponding
Brettanomyces species. The two exceptions were the Bret-
tanomyces abstinens type strain CBS 5512 and the Dekkera
bruxellensiswineisolate FAW 13[15]. Both did not yield aPCR
product when primer pB1 was used.
Primer pB2 wastherefore designed on the
basi s of the polymorphic sequence within
ITS2 and tested with all the listed
Brettanomyces yeasts. A PCR product
was generated for every strain of B.
bruxellensis, but for none of the other
strains (data not shown), indicating that
primer pB2 was suitable for B.
bruxellensisidentification. To reduce the
number of test tubes and to facilitate the
identification procedure with an unknown
Brettanomycesstrain, all four species-spe-
cific primerswere mixed in equal amounts
and used in combination with plTS4 in a
PCR reaction. Figure 4A shows the reac-
tion products of PCR reaction with these
primers for each species (“B” lanes). As
positive control, reactionswere performed
using pITS1 and pITSA (“A” lanes). To
discriminate the genus Brettanomyces
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Figure 3 Comparison of restriction digests. PCR-amplified ITS elements were digested
with 16 restriction enzymes and resulting products were separated by electrophoresis
on a 3% NusSieve agarose gel 3:1 in 1 X TAE buffer. (A) Cfo | digests. Lanes are the
same order as in Figure 2A. Lane M: 100-bp ladder molecular weight marker (Promega).
(B) Dendrogram generated based on the results of the seven restriction digests Cfo |,

Bfal, Mbo |, Hpa ll, Hae lll, Rsa |, and Bst Ul.

from other yeasts present in wine, the Brettanomyces-specific
primer mix was assayed with the non-Br ettanomyces wine yeasts
(Figure4B). Specific fragmentswere generated using pl TS1 and
pI TS (Figure 4B, “A” lanes); however, no reaction products
were observed when pITS1 was replaced with the mix of the
four species-specific primers (“B” lanes).

Discussion and Conclusions

Two studies have described detection and discrimination of
Brettanomyces yeasts. Ibeas et al. [20] identified one strain in
sherry wine by nested PCR. RAPD PCR was adapted and ap-
plied to Brettanomyces species and B. bruxellensis strain identi-
fication by Mitrakul et a. [26]. The inherent disadvantage of
RAPD PCR is the reproducibility of PCR product generation.
Therefore, the discrimina
tivepotential of thel TSre-
gions located betweenthe A Brettanomyces
rRNA genes was used in 1{ 2 3

4 K-

this study. The tandemly

repeated arrays of rRNA
genesare present in fungal
nuclear genomes up to 200
times [3]. The nuclear
small and large subunit
rRNA genes have been
successfully used for yeast
identification purposes
[21]. Whereas conserved
portions of rRNA genes
have been used for com-
parison of different fungal
genera, sequence variation
within ITS has been used
to investigate species
boundaries [8,16,24]. As
expected, near identity was
found in the 5.8S rRNA
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genes. The degree in ITS sequence variation enabled interspe-
cific discrimination between the four Brettanomyces species. The
fact that we did not find any reaction product with non-
Brettanomyces yeasts using the specific primers confirms ear-
lier data that ITS are highly variable among yeast genera
[8,16,24].

Direct sequencing was successful for most Brettanomyces
yeast strainsbut failed for the strains CBS 5512, CBS 6055, CBS
8139, CA95, and FAW 13. Theseresultsraise the i ssue whether
al ITS sequences within Brettanomyces yeasts are compl etely
uniform possibly due to nucleotide deletion, insertion, or major
modifications within these regions. This counters the hypoth-
esis that rDNA repeat units behave like single-copy genes
[2,3,12]. The finding that primer pB1 was unable to act as a

B non-Brettanomyces

1 2 3 4 5 6 7 8 K-
M [a Bl[A Bl[A Bl[A BI[A BI[A Bl[A BI[A BI[A Bl

bp

1500 -
1000 -

500 -

100 -

ol

Figure 4 Identification of Brettanomyces strains by PCR amplifi-
cation of partial ITS elements. (A) Discrimination of the
Brettanomyces species (by lane number): 1, CBS 72 (Dekkera

Sai i

bruxellensis); 2, CBS76 (Dekkera anomala); 3, CBS 4805 (Dekkera custersiana); 4, CBS 6042 (Dekkera
naardenensis). PCR reactions in lanes marked A contained the primer pair pITS1/plTS4, reactions in lanes marked
B included the primer mix pB2, pAl, pC1, pN1)/pITS4 in equimolar amounts. (B) Proof of specificity for the
Brettanomyces-primers came from testing them on the most abundant non-Brettanomyces yeasts in wine in the
same reactions as described in (A): 1, S. cerevisiae; 2, Cryptococcus curvatus, 3, Rhodotorula glutinis; 4, Torulaspora
delbrueckii; 5, Hanseniaspora uvarum; 6, Candida guillermondii; 7, Pichia kluyveri; and 8, Pichia anomala. No DNA
template was added in the negative control reactions (K-). Lane M: 100 bp-ladder molecular weight marker (Promega).
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specific primer for thetwo B. bruxellensis strains CBS 5512 and
FAW 13 contrasts with the conserved I TS sequences. Cloning
of the fragments prior to sequencing is necessary to investigate
thisfurther. For our purpose, primer pB2 showed specific bind-
ing to al B. bruxellensis strains indicating that this priming re-
gion within the ITS2 is conserved for Brettanomyces yeasts.

All tested Brettanomyces wine isolates belong to B.
bruxellensis, aswas earlier found by Mitrakul et a. for wineiso-
lates [26]. The fact that different Brettanomyces spp. produce
different off-flavors in wine [23] makes specific detection and
identification assays necessary. Since the I TS-specific primers
do not appear to be useful for strain identification, the RAPD
PCR method described by Mitrakul et a. [26] representsthe only
method so far for this purpose. For many wineries, a reliable
Brettanomyces identification assay is sufficient in order to de-
tect the presence of these yeasts. In this respect, the
Brettanomyces identification method presented here provides a
fast and reliable way to identify Brettanomyces yeasts by assem-
bling the four specific primers. Consequently, a promising ap-
proach would be a modified colony hybridization assay as de-
scribed by Peterkin et al. [29] for Listeria spp., inwhich the prim-
ers described above would serve as specific probes and in which
any volume of wine could be filtered.
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